We derived the conditions on certain combinations of integrals of the fragmentation functions of pion using HERMES data of the sum for the charged pion multiplicities from semi-inclusive deepinelastic scattering (SIDIS) off the deuteron target. In our derivation the nucleon parton distribution functions (PDFs) are assumed to be isospin SU(2) symmetric. Similar conditions have also been obtained for the fragmentation functions (FFs) of kaon by the sum of charged kaon multiplicities as well. We have chosen several FFs to study the impact of those conditions we have derived. Among those FFs, only that produced in the nonlocal chiral-quark model (NLχQM) constantly satisfy the conditions. Furthermore, the ratios of the strange PDFsS(x) and the nonstrange PDFs Q(x, Q 2 ) extracted from the charged pion and kaon multiplicities differ from each other significantly. Finally, we demonstrate that the HERMES pion multiplicity data is unlikely to be compatible with the two widely-used PDFs, namely CTEQ6M and NNPDF3.0.
I. INTRODUCTION
Semi-inclusive deep-inelastic scattering, l + N → l + h + X (SIDIS) plays an important role in the study of the fragmentation functions (FFs). In particular it provides valuable information about the flavour dependence of fragmentation functions which cannot be obtained from e + e − annihilation data. According to the leading order (LO) QCD calculation, the sum of the charged pion (π) multiplicities of SIDIS off a deuteron (D) target, which is denoted by M π D (x, Q 2 ), is given by
Here q = (u, d, s) and e q are the considered quarks and the corresponding charges, respectively. In addition, q i (x, Q 2 ) with i ∈ {p, n} are the relevant nucleon parton distribution functions (PDFs) with momentum fraction x and momentum transferred squared Q 2 . Notice the superscripts p and n denote proton and neutron. The z is the momentum fraction of the initial quark in the fragmented hadron. z max and z min are usually set by the experimental acceptance. Finally D π q in Eq. (1) is defined in terms of FFs as well and takes the the following form
In the derivation of Eq. (1) we have applied the relations
since π + → π − and q →q under the charge conjugation. Furthermore, if we assume that the parton distribution functions (PDFs) are exactly SU(2) isospin symmetric, we have
The use of Eq. (4) to replace the PDFs in Eq.
(1) will lead to the following formula
5Q(x, Q 2 ) + 2S(x, Q 2 ) .
Here, we define S(x, Q 2 ) = s p (x, Q 2 ) +s p (x, Q 2 ) and Q(x) = u p (x,
2 ) are also given as follows:
Note that the FFs of u → π + and d → π − are favored ones, indicating that the quark fragments into the hadron, whose constituent content has the same flavour. The favored FFs are supposed to be much larger than the unfavored ones. Hence, one concludes that the magnitudes of D A similar relation for the kaon multiplicity of SIDIS off deuteron can be derived as follows:
where
Among the FFs appearing in Eq. (8) , only those of u → K + and s → K − are favored ones. Therefore, unlike the pion case,
. There are attempts to extract the strange-quark PDF from the
2 ) by using Eq. (7), but not without controversy [3] [4] [5] . We will comment on this issue later. In this article we analyze the data of HERMES pion and kaon multiplicities [1, 2] according to Eqs. (5) and (7) . In Section II we use Eq. (5) to derive the conditions of constraints on D π Q (Q 2 ) and D π S (Q 2 ). Furthermore, in the same section we examine whether these derived constraints are satisfied by the FFs resulting from several parametrizations and models. We repeat the same analysis for the kaon case by using Eq. (7) in section III. In Section IV we discuss the inconsistency between S(x, Q 2 )/Q(x, Q 2 ) extracted from the pion multiplicities and kaon multiplicities. After section IV, we choose certain parametrizations of PDFs to determine the corresponding values of D π Q and D π S , assuming that they are not sensitive to Q 2 . Finally we summarize our results and make our conclusions in Section VI. 
II. THE CONDITIONS ON THE FRAGMENTATION FUNCTIONS OF CHARGED PIONS
In this section we will derive the condition on the integrals of the FFs, D 
It is obvious that the following relations must be true since both of S(x, Q 2 ) and Q(x, Q 2 ) must be positive,
In other words, D π Q (Q 2 ) and D π S (Q 2 ) must satisfy the following relations:
Note that these conditions are independent of the explicit forms of PDFs, S(x, Q 2 ) and Q(x, Q 2 ). The experimental results for the charged pion multiplicity M π D reported by HERMES [1] are listed in Table I . In particular, we have assigned an alphbet character to each data point. Furthermore, in Table I the related integral limits are z min = 0.2 and z max = 0.8. The parametrization and models of FFs chosen in our study are listed in Table II . Each FF of the considered parametrization or model is assigned by a number (1 ∼ 9) for convenience. We have determined the corresponding D Table III . Since our analysis is Notice each data point in Table I is taken at different x and Q 2 values. Hence to examine whether the condition Eq. (11) is satisfied or not, we have carried out the analysis at every data point separately. The numerical results are presented in Fig. 1 . The yellow block at r.h.s represents the allowed region satisfying
, whereas the one at l.h.s. denotes the allowed region for
should be within either block. However, as can been seen in Fig. 1 , our results show a surprise.
We observe that only the Hirai-Kumano-Nagai-Sudoh (HKNS) parametrization for LO (1) and NLO (2) [6] , LO Soleymaninia-Khorramian-Moosavinejad-Arbabifar (SKMA) parametrization [9] , and NLχQM (6) satisfy Eq. (11) at every data point. They are all located inside the r.h.s. block. Actually at data point (J), the values of the NLO de Florian-Sassotand-Stratmann (DSS) parametrization (4) [8] and NLχQM (6) . Therefore, the corresponding S(x, Q 2 )/Q(x, Q 2 ) become huge. We also notice that the values of D π Q (Q 2 ) from LO HKNS parametrization (1) are particularly large. Moreover, the DSS parametrization values at low Q 2 are out of the allowed region, but they become more close to the left edge of the r.h.s. block as Q 2 and x increase. Besides, we notice that NJL-Jet model (5), the de Florian-Sassotand-EpeleHernánderz-Pinto-Stratmann (DSEHS, 9) and Albino-Kniehl-Kramer 08 (AKK08, 7) [7] parametrizations fail to meet the requirement of Eq. (11) at all data points. Hence the corresponding values of S(x, Q 2 )/Q(x, Q 2 ) are always negative. Here we want to make a remark on DSEHS parametrization in particular. DSEHS parametrization is the most updated result of global analysis based on various experimental data including the HERMES data used here [10] . It is surprising to find that it does not satisfy our conditions derived here. This unexpected finding is probably due to the fact that DSEHS is a NLO fitting result. A more careful investigation into this issue is desirable but definitely beyond the scope of this article. Parametrization and model 2 ) plays a more important role to meet the criterion. We would like to emphasize that although both the NJLJet model and NLχQM are chiral models with the same couple-channel jet algorithm, the results of the two models are significantly different. In particular, while the NLJ-Jet model violates the constraints at all data points, NLχQM meets the requirement of these constraints. In both models the corresponding model scales Q . One is able to obtain the FFs at arbitrary Q 2 by applying the QCD evolution. Here we use QCDNUM17 [25, 26] .
III. THE CONSTRAINT ON THE FRAGMENTATION FUNCTIONS OF CHARGED KAONS
In this section, we apply the same analysis to the kaon multiplicity. Again we rewrite Eq. (7) as follows: Furthermore, similar to the pion case, we require that the following relations to be held, considering the positiveness of PDFs:
We present the results of Fig. 2 . The yellow block at r.h.s represents the region satisfying 2 )/Q(x, Q 2 ) will turn to negative. We notice that only the results of LO (3) and NLO (4) DSS parametrizations and NLχQM (6) satisfy the constraints given in Eq. (13) . They pass the test at all data points. In the contrast, other FFs fail to meet the criterion at every data point. From Fig. 2 , we know the points corresponding to DSS parametrizations (3 and 4) are on the right brink of the l.h.s. block but the NLχQM result (6) Table IV . The favored ones, u → K + and s → K − are larger than the unfavored ones as expected. We notice that, being compared with the other FFs, D 
. In other words, our analysis shows that within the LO QCD calculations, the HERMES data suggests that more K − meson to be fragmented from s quark rather thanū quark, and more K + to be fragmented froms quark rather than u quark. That is, most of the kaons should be fragmented from the quarks with strangeness. However we have to emphasize that this observation is only qualitative and within the LO QCD analysis. 
IV. RELATIONS BETWEEN THE CHARGED KAON AND PION MULTIPLICITIES
In this section, we address the issue of consistency between the charged pion and kaon multiplicities. From Eqs. (9) and (12), one obtains
Hence, one can determine
. It is also possible to employ 
2 )/Q(x, Q 2 ) from available PDFs. Here we take two parametrizations as examples: CTEQ6M [27] and NNPDF3.0 [28] . One may expect naively that S(x, Q 2 )/Q(x, Q 2 ) from these approaches should be all consistent with each other. However our analyses shows otherwise. As a matter of fact, from 2 )/Q(x, Q 2 ) from CTQE6M and NNPDF3.0 are very close to each other, but they are much smaller than the ones from charged mesons multiplicities except at data points (H) and (J), where the results from the pion multiplicities are quite close to the results from the PDFs. On the contrary, the results from M K D are always larger than the one from PDFs. In Fig. 4 , we present similar analyses using D 2 ) is used, the generated S(x, Q 2 )/Q(x, Q 2 ) from various employed FFs are different from each other. It means that the extraction of the strange-quark PDF from the charged hadron multiplicities of SIDIS depends strongly on the the choice of the FFs. Such uncertainty should be taken into account in the extraction o S(x, Q
2 ) as conducted in [2] . 
Thus, one can fit D and Table. III one sees that D parametrizations within the framework of LO QCD analysis. It is anticipated that this scenario persists for other FFs than those used in our study. This is because the favored FFs are definitely larger than the unfavored ones, hence no FF would give D 2 )/Q(x, Q 2 ) extracted from the HERMES data of charged pion and kaon multiplicities, if we use the FFs of NLχQM. We also find that the HERMES pion data is unlikely to be compatible with the CTEQ6M and NNPDF3.0 as the PDFs even without referring any specific FFs. Our current study in this article is based on two assumptions: 1) the leading order QCD formula for the multiplicity and 2) isospin symmetric nucleon PDFs . To go beyond these two assumptions, it is necessary to extend our analysis substantially and will be reported elsewhere.
